Mines in Bintan were producing bauxite for many years. The production process of bauxite to alumina produced much red mud. From X-ray Fluorescence (XRF) 
INTRODUCTION
Red mud is the solid waste generated from the alumina refining of bauxite ore, primarily by the Bayer process which utilizes caustic soda to dissolve the aluminosilicates. The production of 1 tons alumina generates 1-1.5 tons red mud [1] . The generation of red mud is estimated to be 4 billion tons by 2015 based upon its current rate of production [2] .
Issues of red mud were going to be a global concern confronting the alumina industries because of harmful impact from resulting disposal. The disposal of red mud remains a complicated issues because of its high alkalinity (pH 10-13) [3] and the very large quantities generated. Disposal methods have been applied including landfill, deep sea dumping, and storage in settling ponds. These methods give harmful impact on our environment [4] . Many attempts have been made to find a sustainable process and cost effective method to dispose of red mud [5] . Several methods have focused on the utilization option for red mud, including: as adsorbent for pollutant removal [6] , building materials (such as brick, concrete, cement and road foundation materials) [7] , ceramic [8] , adsorbents [9] , coagulants [10] , catalyst [11] [12] , as agent for neutralizing acidic waste [13] . The utilization of red mud as source of alumina to synthesize mesoporous alumina not investigated yet.
Red mud could be also regarded as a resource of multiple metals. The main compositions of red mud are Fe2O3 14-45%, Al2O3 5-14%, SiO2 1-9%, Na2O 1-6%, TiO2 2-12% [14] . The main minerals used for iron include magnetite (Fe3O4), hematite (Fe2O3), goethite (FeO(OH)), siderite (FeCO3), pyrite (FeS2). Hematite and goethite are the major constituents of red mud. Magnetic separation is a basic method for iron recovery from red mud. The resulting magnetic product can then be used as an ingredient for iron production and the nonmagnetic portion can be used in building materials [15] . However, direct magnetic separation was inefficient because of the dissemination of fine iron oxides. The alumina was remained in red mud residue. The alumina is either extracted using organic or inorganic acid. Sulfuric, citric and oxalic acid have been used to extract Al from red mud [16] . A mixture of 2:1 citric and oxalic acids dissolved 96% Al in the red mud.
This research investigated about extraction of alumina from red mud as the source of alumina using leaching method with chloride acid to synthesize mesoporous alumina. Before these process, direct magnetic separation was used to reduce of iron. Alumina source from red mud was added with CTABr to form mesoporous alumina. The amount of CTABr was varied to investigate the change of mesoporous alumina characteristics. The synthesis of mesoporous alumina was carried out at the room temperature and calcined at 550 °C for 6 h.
EXPERIMENTAL SECTION

Materials
The materials used in this experiment were red mud (from Bintan, Riau Island, Indonesia), chloride acid (HCl, Merck, 37%), sodium hydroxide (NaOH, Merck, 99.5%); Cetyltrimethylammonium bromide (CTABr, C19H42BrN, Merck, 99%); and deionized water.
Instrumentation
X-Ray
Fluorescence (XRF, Shimadzu) determines the composition of red mud, X-Ray Diffraction (XRD Philips Expert) using Cu Kα radiation (40 kV, 30 mA) to identify the mineral phase, Inductively Coupled Plasma (ICP Prodigy) to analyze the content of aluminum, Scanning Electron Microscope -Energy Dispersive X-Ray (SEM ZEISS EVO MA 10 using a 30 kV and EDX BRUKER 129 EV) to know the morphology of sample. Total surface area, pore size distribution and total pore volume were determined from N2 adsorption-desorption using a Quantachrome Instruments Nova 1200. Total surface area was determined by the BET and pore size distribution and volume in the mesoporous were determined from the BJH method. For TEM images, high resolution images and selected area electron diffraction patterns were recorded using a JEM 1400 instrument operating at 120 kV.
Procedure
Determination of Lost of Ignition (LOI)
The red mud was crushed to the required particle size (200 mesh) and dried at 110 °C for 1 h to remove water content. Red mud (1.8 g) was placed into crucible and roasted at 1050 °C for 1 h. Roasted sample was placed into desiccators for 5 min, weighing up and calculated of LOI content by using eq. 1:
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which, n1 is weight of crucible, n2 is weight of crucible and red mud before fusion process, n3 is weight of crucible and red mud after fusion process.
Separation of iron (Fe2O3)
Iron was separated from red mud by magnetic separation method. Red mud was placed into beaker glass for 50 g in 1 L water. The mixture stirred for 24 h using a magnetic bar at low speed. Solid from this process were collected for the next process.
Extraction of alumina from red mud
The solid from magnetic separation process was placed into beaker glass and dissolve with hydrochloride acid (HCl) solution 6 N (composition ratio solid : chloride acid (HCl) solution was 1:5 g/mL) and stirred for 2 h at 90 °C. The mixture was filtered. Filtrate was dissolved with NaOH 5 N solution and stirred until NaAlO2 had formed and then filtered. Collected NaAlO2 was dissolved with HCl 6N and stirred until pH 7. The NaAlO2 solid was washed using deionized water.
Synthesis of Mesoporous Alumina
A Mixture of NaAlO2 (7.5 g) and variation of CTABr solution (1, 3, 5 g CTABr was dissolved to 50 mL aquadest at 60 °C), and stirred for 1 h. The mixture was aged for 72 h at the room temperature. The product was washed by deionized water and dried at 120 °C. The addition of CTABr was used as template to form mesopores structure. Thus, template will disappeared and formed porous structure after calcination process at 550 °C for 6 h. the synthesized product then analyzed with XRD, N2 Adsorption Desorption, SEM-EDX, and TEM.
RESULT AND DISCUSSION
XRF (X-Ray Fluorescence)
Red mud has different compositions at different area according to the separated process that use to produce alumina. The content of Bintan's red mud is primarily as Fe2O3 44.66%, Al2O3 28.87%, SiO2 20.21% (Table 1 ). These result showed that Fe2O3 was major component in red mud. Therefore, before synthesis process, Fe2O3 was separated by direct magnetic separation. The product from direct magnetic separation was characterized by XRF. The content of Fe2O3 be 44.81% (seen in Table 1 ) indicated that direct magnetic separation at this study had not influenced as significant on the content of Fe2O3. It could be happened because of almost Fe2O3 in samples was hematite that couldn't be attracted by magnet.
The product from magnetic separation was used to leaching process. A mixture of solid and HCl 6 N solution (ratio of solid/solution 1:5 g/mL) was heated at the temperature of 90 °C for 2 h to dissolve alumina (Al2O3) from red mud. After this process, SiO2 was separated with filtration. The residual (solid) was characterized by XRF and the filtrate was used to the next process. The result from XRF showed that the major composition on residual solid consist of 38.85% SiO2 (shown in Table 1 ).
SiO2 content on red mud was increased from 20.21% in red mud to 38.85% in residual solid after leaching process, it indicated that much of silica can separated from red mud with leaching process.
The next step was precipitation of alumina by using 5 N NaOH solution. After filtration, residual solid was characterized by XRF and XRD whereas filtrate was used to the next step. The result from XRF showed residual solid (RME) contained of Fe2O3 81.80% (shown in Table 1 ) and other impurities (NaCl). But no SiO2 and Al2O3 were found in residual solid from this process. It indicated that the isolation process of Fe2O3 from red mud was succeed.
XRD (X-Ray Diffraction)
The XRD pattern of red mud (RM) and residual solid from this study showed at Fig. 1 . The XRD pattern ( Fig. 1) (a) showed of red mud. Red mud consist of hematite (Fe2O3), gibbsite (Al(OH)3), boehmite (γ-AlO(OH)), anatase (TiO2) and quartz (SiO2). These result, according with XRD pattern of hematite at 2θ = 26°, 40°, 47°, 58°, 64°; gibbsite at 2θ = 20°, 24°; boehmite at 2θ = 18°, 33°, 45°, 58°; anatase at 2θ = 28°, 55°; quartz at 2θ = 21°, 26° , and 50° [17] . Fig.  1(b) showed XRD pattern of red mud from magnetic separation (RMS) have hematite and gibbsite phase. These result indicated that magnetic separation method was not effective to reduce hematite and another impurities in the red mud. Fig. 1(c) showed XRD pattern of red mud from leaching process which the diffraction pattern quartz at 2θ = 20°, 26°. It indicated that quartz had been reduced from red mud successfully. This result was supported by XRF that composition of silica on red mud residue about 38.85%. Fig. 1(d) showed XRD pattern of red mud from extraction process which the diffraction pattern of halite (NaCl) at 2θ = 32°, 45°. XRD pattern showed that Fe(OH)3 was formed which showed at amorphous phase [18] . The result was supported by XRF analysis that showed Fe2O3 on residue 81.80%. It indicated that Fe2O3 was separated from red mud. Fig. 2 showed XRD pattern of alumina salt and mesoporous alumina. Fig. 2(a) showed of alumina salt that have amorphous form. Fig. 2(b) showed γ-Al2O3 as a comparison to alumina salt. The diffraction pattern of γ-Al2O3 showed crystalline phase which peak of diffraction at 2θ = 15°, 18°, 20°, 26°, 30°, 31°, 35° [19] . Fig. 2(c-e) showed of mesoporous alumina with variation of CTABr added which 1 g (c), 3 g (d), 5 g (e). The purpose of adding CTABr to alumina was to form mesoporous with low crystallinity. The XRD pattern showed that amorphous phase was formed (Fig. 2(c-d) ) [20] . Fig. 3 showed SEM images for alumina salt and mesoporous alumina. SEM characterization showed morphology and determined the particle size of mesoporous alumina. Fig. 3(a) showed that alumina salt has disordered morphology and there was no pore seen in the surface. Fig. 3(b-c) showed morphology of mesoporous alumina with addition of CTABr (1, 3, 5 g) like a disordered wadding. The added of CTABr with a different concentration had influenced the morphology of alumina particle.
SEM Images and EDX
EDX analysis for mesoporous alumina with addition of CTABr (1, 3, 5 g) shows that main content of mesoporous alumina consist of Alumina (Al2O3), even thought was found of bromide at lowest percentages. The amount of alumina in this synthesis was quite a lot (97.46-98.36 wt.%), it indicated that extraction of alumina from red mud was succeed by adding of CTABr as template [21] . The percentage of this component are shown at Table 2 .
N2 Adsorption-Desorption
Specific surface area, particle size distribution and the total of pore volume can be analyzed by N2 adsorption-desorption characterization. The specific surface area was determined by BET (SBET) method whereas pore size was determined by BJH method. Fig. 4 showed isotherms adsorption characteristics of the synthesized materials with addition of CTABr (1, 3,  5 g ). These results showed that each synthesized materials have similarities pattern. The sorption isotherms demonstrate the typical type IV (BrunauerDeming-Deming-Teller (BDDT) Classification). Gas adsorption was occur at low relative pressure (P/P0 < 0.3) showed monolayer. Synthesized materials have H2-type hysteresis loop at relative pressure (P/P0 0.45-0.92) which implying nonunformity of pore opening associated with pore constrictions and or ink bottle pores with narrow necks and wide bodies, which are formed between primary crystallite within the 2D nanosheets or nanoplates [22] . Then the high relative pressure part of the hysteresis loop (0.92 < p/p0 < 1.00) belongs to H3-type related to slit-like pores, suggesting the textural large pores formed between secondary particles due to aggregation of nano-flakes for the hierarchical porous super structures [23] .
Shown in Fig. 5 are the pore size distributions (PSD) obtained from the nitrogen adsorption isotherms displayed in Fig. 4 . PSD curve of all synthesized materials covers similarities pattern with narrow pore size distribution which are around 3.2 nm. It indicated that, the porous materials contain dominant mesopores (2-50 nm). Table 3 shows pore size distribution, pore volume, mesoporous volume from mesoporous alumina. Pores were formed after Increasing CTABr concentration influence of pore size distribution, pore volume, mesoporous volume. In this research, increasing weight ratio CTABr/Al-salt in range 1.57-7.85 result decresed surface area. This result showed that additon of CTABr didn't influence of pore size distribution but influence pore volume and surface area. In this research used CTABr/Al-Salt in range 1.57-7.85 showed that surface [25] area be decrease from 261 be 241 m 2 /g. It is because increasing density molecule on mesoporous alumina caused close distance between molecule lattice [24] .
TEM Analysis
The TEM analysis on the synthesized material at weight ratio CTABr/Al-salt 4.71 revealed the morphology of the mesoporous alumina. Fig. 6 Shows two representative TEM images of mesoporous alumina. TEM images of AMC3 sample (from this study) shows disordered phase of mesoporous alumina ( Fig. 6(a) ), which is similar to MA(400) sample (Fig. 6(b) ) as mesoporous alumina from Han et al. [25] study with addition of pluronic P-123 as mesoporous directing agent. This result is supported by XRD pattern that mesoporous alumina have amorphous phase. CONCLUSION This study reported that synthesis of mesoporous alumina from red mud using sol-gel method previously was done by magnetic separation method and extraction of alumina from red mud. The content of alumina in red mud was 28.88%. This material was used as a main source for synthesis of mesoporous alumina with addition of CTABr as template. The result from XRF, XRD, N2 adsorption-desorption and SEM-EDX showed that mesoporous alumina was succesfully synthesized from red mud. The effect of weight ratio CTABr/Al-salt in range 1.57-7.85 influenced surface area and pore volume but didn't influence of the pore size distribution. The largest surface area and pore volume were collected in ratio CTABr/Al-salt 1.57 i.e. 241 m 2 /g and 0.11 cm 3 /g, respectively.
